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@ The present invention relates to a process for protecting stony materials, marble, tiles and cement as well as 
articles manufactured from said materials from the decay caused by the atmospheric agents and pollutants. For 
that purpose, a mixture comprising: 

1) polytetrafluoroethylene in the form of an aqueous dispersion, 

2) an emulsion or microemuision of certain (perjfluoropoiyethers is applied onto the surface of said 
materials or articles. 
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PROCESS FOR PROTECTING STONY MATERIALS, MARBLE, TILES AND CEMENT FROM ATMOSPHERIC 

AGENTS AND POLLUTANTS 

The present invention relates to a process for protecting stony msterials. merble. tiles and cement as 
well as articles nnanufaciured from said materials from the destructive action of atmosphenc agents and 
pollutants. 

As it is known, the decay of building materials such as marble, stones, tiles, cement and articles 
5 manufactured from said matenals is caused by chemical and physical phenomena, both of which occur in 
the presence of water. 

The physical phenomenon acting on al! building materials is due to the succession of freezing and 
thawing of the water absorbed inside the pores of the material, which involves variations of the specific 
volume and tensions capable of causing fractures or in any case disaggregation among the individual 
10 particles which form the material. 

Another physico-chemical phenomenon is the dissolution in water of the limestone which is present in 
marbles as an essential component and in stones as binder, with consequent loss of cohesion between the 
granules. 

Still more important for the decay of the materials and of the arJcles exposed to the open air is a 
IS combination of chemical phenomena. Said combination essentially consists in the attack of the carbonated 
parts of the material or article by the agents and pollutants which are present in the air (e.g. carbon dioxide, 
sulphur dioxide, nitrogen oxides, hydrochloric acid, hydrosulphurous acid). Said pollutants react with the 
material in the presence of water and their concentration in the rain is particularly high at the beginning of 
the precipitation. 

20 It is also known that in order to eliminate or to at least significantly reduce the above drawbacks it is 
necessary to substantially reduce the penetration rate of the water from the outside into the material to be 
protected. 

To achieve this goal, water-repellent chemicals are usually applied onto the outer surface of the material 
to be protected. 

25 *US-A-4,499,146 describes the use, for that purpose, of neutral perfluoropolyethers (PFPE), i.e. PFPE 
free of functional groups. EP-A-192,493 and 215,492 describe the use of perfluoropolyethers one or both 
end groups of which comprise functional groups, such as amine or ester groups. The same EP-A also 
describe the use of functionalized perfluoropolyethers in admixture with perfluoropolyethers having no 
functional groups, always in chlorofluorocarbon solution. 

30 The invention disclosed in EP-A-337 311 has led to a considerable improvement in the application 
performance and the applicative technologies, due to the use of PFPE-based aqueous emulsions or 
microemulsions which eliminate the necessity of using chlorofluorocarbon solvents. 

The use of these emulsions or microemulsions based on functionalized or unfunctionalized per- 
fluoropolyethers provides good results in the protection of marble and of synthetic or natural stones having 

35 low or medium porosity. Less satisfactory results are. however, obtained with high porosity materials, i.e. 
materials having a porosity of 20-40% or more. 

It is an object of the present invention to provide a process which provides excellent protection both for 
low or medium porosity materials as well as for high porosity materials. 

It is another object of the invention to provide a process which, with the amounts of protective agents. 

40 i.e. functionalized or unfunctionalized perfluoropolyethers, being the same and being present in aqueous- 
(micro)emulsions, results in a better protection. 

These and still other objects are achieved by the process of the present invention for protecting stony 
materials, marble, tiles, cement and articles manufactured from said materials from atmospheric agents and 
pollutants by applying a certain protective agent onto the surface of said materials and articles. Said 

45 process is characterized in that the protective agept comprises a mixture of: 

1) poh/tetrafluoroethylene and/or a tetrafluoroethylene copolymer containing up»^o 12% by moles of 
other perfluorinated monomers, said homopolymer or copolymer being present in the form of an aqueous 
dispersion: and 

2) an aqueous emulsion or microemulsion of a {per)fluoropolyether comprising sequences of one or 
50 more statistically distributed fluorooxyaikylene units of the following forhnulae: 
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(CF-CF^O), (CF^CF^O), ( C F^ 0 ( CFO ) , ( CF ^ - CFO ) , ( CF^CF^CF^O) and 



CF. 



CF. 



CF. 



(CF:CF:CH:0); and having (preferably C' -3) perfluoroaikyi andor functional end groups. 

"{Per)fluoropolyeiher functional group" means a group which is capable of forming a chemical and/or 
physical bond with the material to be protected and is selected, e.g.. from the ones which are capable of 
forming coordinative or charge transfer bonds with said material. Preferred functional groups are: -COOH, 
-CH:OH,polyoxyalkylene-OH. -C(OH)2-CF3. -CONR-R^ .-CONHR-. -CONH:. -COOR* and quaternary am- 
monium Groups, wherein and R-. the same or different from each other, are alky! groups usually 
containing 1 to 8. preferably i to 4. carbon atoms; R' represents an alky! group usually containing 1 to 8. 
preferably t to 4. carbon atoms or a {preferably C5-t:-)aromatic or (preferably C?-* 3-)alkyl-aromatic group, 
such as phenyl. benzyl and phenethyl; and R^ represents and alky! group usually containing 1 to 8. and 
preferably i to 4. carbon atoms. The end group -COOH preferably is salified. 

The quaternary ammonium group preferably is a -COONR'R^R^R^ group, wherein R\ R^ and R^ 
represent aikyi groups usually containing a total of 4 to 32 carbon atoms (i.e. H- to R^ together). 

Examples of the above alkyi groups are methyl, ethyl, n-and i-propyl. butyl, hexyl. 2-ethylhexyl and 
cctyl. 

U is also possible to utilize as starting products (per}fluoropolyethers with -COCF3. -COF or -SO2F end 
croups which during the preparation of the (micro)emulsion hydrolyse to -C{OH)2-CF3. -COOH and -SO:iH 
crouos and are then salified. The average molecular weight of the (per)f!uoropotyether chain ranges from 
aoo'-: - .000 to about 10.000. preferably from about 2.000 to about 6.000. 

Th-? (oer)fiuoropolyethers utilized in the present invention may contain, besides the above functional 

CF3. C2F5. and/or CaF?. 

be utilized in the present invention are those which belong to the 



cj-cuos perfluoroaikyi end groups, e.g., 
Prprerred (per)fluoropo!yethers to 
fr.i-.rwinQ classes: 



•1) 



R^OlCF-CF^Ol^lCFOl^iCF^OlpR'^ 



CF. 



CF. 



having a random distribution of the perfiuorooxyalkylene units: 

(2) R,0(CF2CF20)n(CF20)™R', 
,Q having a random distribution of the perfiuorooxyalkylene units; 

(3) ^ 

R.OtCF^CF^Ol^lCF^O)/ CFO 



50 





having a random distribution of the perfiuorooxyalkylene units; 

(4) /^f-<^^°^^ n ^'f 



(S) R,0(CF2CF2 0)„R ,; 
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(6) R(0(CF:CF3CF20)nR'( or R(0(CH2er2CF20)nR i; wherein m, n. o and p have values such that the 
average molecular weight or the corresponding chains is in the range given above. 

R( and R t in formulae (1) to (6) are perfiuoroaikyi groups, preferably having i to 3 carbon atoms and/or 
end groups containing functional groups of the type defined hereinbefore. 
5 As it is known, the functional end groups of (unctionalized penluoropolyethers are bound to the 
perfluoropolyether chain by a divalent linking group, particularly by a • C F- 

i 

group, wherein X = F or CF3. 

Other divalent linking groups or radicals are described in e.g. US-A-4,094.9l 1. 
10 Perfluoropolyethers of class (1) are commercially available under the trademark Fomblln © Y. the ones 
of class (2) under the trademark Fomblin ® 2, both of which being produced by Montedison. Products of 
class (4) are commercially known as Krytox ® (Du Pont). 

The products of class (5) are described in US-A-4, 523,039: the ones of class (6) are described in EP-A- 
148,432. 

15 The products of class (3) may be prepared according to US-A-3,665.04i . Useful products also are the 
perfluoropolyethers described in US-A-4.523,039 or in J.Am.Chenn.Soc.1985. 107. 1195-1201. 

The products of classes (1). (2) and (3) which have been obtained by photochemical oxidation 
processes may be employed as crude products of the photooxidation process, which products contain 
peroxy groups -00- in the chain, inserted between the (per)fluorooxyalkylene units. 

20 Perfluoropolyethers also suitable for use in the present invention are the ones described in EP-A- 
244839. which polyethers comprise functional groups of the type described hereinbefore, arranged along 
the chain, and functional or perfiuoroaikyi end groups. 

In the preparation of the aqueous mixture to be employed according to the present invention it is 
particularly advantageous to use the (per)fluoropolyether in the form of an aqueous microemulsion. 

35 The microemulsions for use in the present invention are obtainable according to. e.g.. the method 
described in EP-A-250766. Essential ingredient of said microemulsions is an ionic or non-ionic fluortnated 
surfactant and/or surfactant selected from hydrogenated (non-fluorinated) alcohols containing 1 to 12. 
preferably i [o 6, carbon atoms and fluoroaikanols. 

In particular, the following ones may be mentioned as fluorinated surfactants of the ionic or non-ionic 

30 type: 

(a) perfluorocarboxylic acids containing from 5 to 1 1 carbon atoms and salts thereof; 

(b) perfluorosulphonic acids having from 5 to 1 1 carbon atoms and salts thereof; 

(c) the non-ionic surfactants described in EP-A-5 1.526. consisting of a perfiuoroaikyi chain and a 
hydrophilic polyoxyalkylene terminus; 

35 (d) mono- and di-carboxy!ic acids derived from perfluoropolyethers and salts thereof; 

(e) non-ionic surfactants consisting of a perfluoropolyether chain linked to a polyoxyalkylene chain; 

(f) penluorinated cationic surfactants or surfactants derived from perfluoropolyethers having 1 , 2 or 3 
hydrophobic chains. 

C2F4 copolymers suitable for use in the present invention are, for example, the ones containing up to 
40 10% by moles of hexafluoropropene or up to 5% by moles of (preferably Ct -3-) perfluoroalkyl-per- 
fluorovinyl ethers, in particular peniuoropropyl-perfluorovinyl ether (preferably used in amounts up to 3% by 
moles). 

The average molecular weight of the Co Fx homopolymer or copolymer generally ranges from about 
100.000 to about 2,000.000. 

45 The average size of the primary particles of homopolymer or copolymer obtained by emulsion 
polymerization generally ranges from 0.05 to 0.5 u.m. 

Besides polytetrafluoroethylene (PTFE) directly prepared in an aqueous dispersion by emulsion 
polymerization, it is possible to use PTFE powder obtained from suspension polymerization and having a 
particles size of up to 16 urn, the particles being obtained by treating the dispersion powder in a set-mill 
50 and redispersion in water by means of a non-ionic surfactant such as Triton ® X 100 and with the addition 
of ammonium perfluorooctanoate. 

The amount of polytetrafluoroethylene or its copolymer in aqueous dispersion in the mixture of 
protective agents according to the present invention, calculated on dry PTFE, generally ranges from about 2 
to about 60% by weight and usually from about 2 to about 30% by weight, based on the total weight of the 
55 perfluoropolyethers (PFPE) employed. 

Preferably the mixture contains about 5 to 20% (calculated as dry PTFE) with respect to the total PFPE. 
The aqueous mixture of C2F4 (co)polymer and (per)fluoropo(yether according to the invention allows to 
obtain a good protection when using perfluoropolyether amounts which are significantly lower than the ones 
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used in the prior methods which utilized perfluoropoiyethers only. 

The amount of (per)rluoropolyether to be used in the treatment vanes, inter alia, as a function of the 
porosity of the material tc be treated: generally it ranges from 10 to lOO g/m^. 

The following examples are given in order to illustrate the present invention, without being a limitation of 

oossible embodiments thereof. 

In the tests described in the following, the treatment effectiveness was evaluated on the basis of the 
amount of water absorbed by the various specimens within 60 minutes and is expressed by the ratio: 

(water absorbed by the untreated material) minus (water 

absorbed by the treated material) _ ^ 

(water absorbed by the untreated material) 

The tests were carried out by attaching to the specimen surface an apparatus consisting of a glass 
cylinder filled with water and connected with a graduated micropipette. which allows to measure the amount 
of water absorbed by the contact surface of the specimen. The apparatus is described in the document 
published by the Unesco-Rilem group PEM under number 78.182. The absorbed water reading and the 
deternnined value are expressed in g/cm^ of surface. 

The amount of water absorbed by the various specimens (expressed in g/cm2) and the corresponding 
treatment erfectiveness are reported in the following Tables. 

As one can see from the reported results, the use of compositions according to the present invention 
provides better protection than the use of only the perfluoropolyether microemulsion. 

The polytetrafluoroethylene employed was Algoflon © in dispersion, produced by Montefiuos S.p.A. The 
size of the polytetrafluoroethylene primary particles ranged from 0.15 to 0.25 um. 

The amounts of protective composition applied by brushing onto the specimens and reported in Tables 
1 to 4 are expressed in grams per square meter of surface. 



Example i (Table 1) 



Five sandstone (Pietra Serena) specimens having a porosity of 8.5% were used- The specimens had 
the following dimensions: 100 x 50 x 50 mm. 

Specimens 1 and 3 were not treated. By means of a brush, different protective compositions were 
applied onto specimens 2 and 4. after having divided the 100 x SO mm surface into two equal parts (2. 2A 
35 and 4, 4A). 

Microemulsion b' (see Table 1 ) was applied by means of a brush on part 2. 

Microemulsion b' to which polytetrafluoroethylene latex had been added was applied on part 2A. 

The same procedure was followed in the case of parts 4 and 4A. The fifth specimen was treated with 

PTFE latex. . 
40 Test 5 proves that PTFE alone does not exert any protective action in practice, even when applied m 
higher amounts than the ones used for tests 2A and 4A. 
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- Microemuis ion 3' = prepared according to £?-A-337 311 

and containing: 

perf iuoropolyether 11.3 g 

isopropanol 16.0 g 

aqueous phase 72.7 g 

- Mix 1 = a mixture of microemuls ion B' and PTFE latex 

( 4 20 g/1] .such that the amount of PTFE (as dry 
product) was 9% with respect -o zhe PFPE. 

- PTFE dispersion at 25% of dry product having primary partic- 

les of 0.2-0.3 yjm. 

- Serena Stone = sandstone (having a porosicy of 3.5%) 

with a ciay matrix. 



Example 2 (Table 2) 

Five specimens of VIcenza Stone (100x50x50 mm) (biocalcarenite having a porosity of about 30%) 
• were used and the procedure of example 1 was followed. 
3C The results are reported in Table 2. 

It is apparent that the use of the compositions according to the present invention provides better results 
than the use of only the microemuision. 

35 Example 3 

Brick specimens having a porosity of 40% and measuring 50x50x50 mm were utilized. 

The average absorption value of the untreated specimens (1) was equal to 2.5 g/cm^. This value was 
used to determine the effectiveness of the treatment in tests 2-5. 
40 It can be seen that the specimens treated with the mixtures containing perfluoropolyether microemui- 
sion plus polytetra fluoroethylene dispersion (tests 3 and 5) give beUer results than the ones of the 
reference tests 2 and 4 which had not been treated with the PTFE dispersion. 

45 Example 4 

Specimens of two types of cement (50x50x50 mm) having a porosity of 18% (A) and 25% (B), 
respectively, were utilized. 

Specimens l and 6 were not treated. As can be seen, the use of the mixture containing PTFE latex 
50 (tests 3. 5 and 8) provided better protection than the use of aqueous perlluoropolyether micrcemulsions 
alone (reference tests 2 and 7), 



55 



7 



EP 0 374 804 A2 



TABLE 2 



(Exatnole Z! 



5 
















Test 


TreaLed 


?ro:ective 


Ar.iount of 


Anount of 


T r e a tmen t 




Wo . 


nidte- 


agents 


app 1 led 


absorbed 


ef f ec ti - 


ro 




r 1 a 1 


i 


protective 
agents 


V/ 0 1 e r 

g r a m s c m 


V enes 3 

cv 

ia 


15 














20 


1 


V i c e n z d 
Stone 


- 


- 


1 .240 


- 


25 
















2 


ti 


:\ \ croer.i. 


90 


0 .434 


55 


00 


2A 


•• 


;i [ ;i 2 


92 


0.250 


79 




• 3 








1 . 20 




35 


T 




Microein. 
SlPO 


90 


0.75 


33 


40 


4A 


n 


M I X 3 


92 


0.42 


55 


5 




PTFE dis- 
per s i on 


1 5 


1 .100 


8 



45 



50 



Microemuision S^TT: prepared as described in example 5 of 
EP-A-337 311 and containing: 
perfluoropolyefcher 
fluorinated surfactant 
aqueous phase 



19,80 % by weight 
14 ,55 % by weight 
65.65 % by weight 
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- Microemuls ion 51 PO: prspared as described in example 1 of 
EP-A-.3 3 7 3 11 and containing: 

oeroxide group, containing pert iuorcpoiye ther 21.5% by weight 

fiuorinated surfactant 2.01 by weight 

tert . -butanoi 9.3% by weight 

aqueous phase 66.7% by weight 

- Mix 2 = a mixture of microemuision S^TT and FIFE latex 
(420 g/i) such that the amount of PTFE as dry product 
was 16^ by weight with respect to the ???E . 

- Mix 3 = like Mix 2, but with 31P0 and PTFE (20% by weight 

with respect to the PFPE) 

- Test 5: only PT r Z latex (420 g/l)was applied, the amount 

of PTFE as dry product corresponding to 15 g/m-. 
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Claims 

5 

1. A process for protecting marble, stones, tiies. cement, gypsums, wood and other related materials 
utilized in particular in the building indus-ry from the destructive action of atmospheric agents and 
pollutants, by applying onto said materials a protective agent comprising a mixture of: 

a) an aqueous dispersion of a teirafluoroethylene homopolymer and/or a tetrafluoroethylene 
10 copolymer containing up to 1 2% by moles of other perfluorinated monomers: and 

b) an aqueous emulsion or microemulsion of a {per)fluoropolyether comprising sequences of one or 
more of the following fluorooxyalkylene units: 



(CF-CF^O), (CF^CF^O). ( CF-^O ) , ( CF 0 ) , ( C F ^ - CF 0 ) . ( CF ^CF ^CF.^O ) , 



20 



25 



30 



(CF2CF2CH2O): 

having an average molecular weight of from about 1.000 to about 10,000 and having perfluoroaikyl end 
groups and.or end groups containing functional groups capable of forming physical and/or chemical bonds, 
particularly of the coordinative or charge-transfer type, with the material to be protected. 

2. The process of claim 1 . wherein the (per)fluoropolyether has functional groups selected from -COOH. 
-CH2OH. polyoxyalkylene-OH. quaternary ammonium groups, -C(OH)2-CF3. -CONR2R3, -CONHR^. -CONH2 
and -COOR*. wherein R^ and R^. the same or different from each other, represent alkyi groups: R* is an 
alkyl. aromatic or alkyl-aromatic group and R^ is an alky! group. 

3. The process according to claim 2. wherein the -COOH groups are salified. 

4. The process of any one of claims 1 to 3, wherein use is made of one or more (per)fluoropolyethers of 
the following general formulae: 

a) 



b) R,0(CF2CF20)n(CF20UR , 



^5 



50 



CF3 CF3 



c) R.:0(CF,CF.O) (CF.O) / CFO 



d) R^O / CF-CF^OX R- . 
CF. 




55 e) R,0(CF2Cr20)nR ( 

f) R(0(CF2CF2CF20)nR'f or RtO(CH2CF2CF20)r,R'( 

wherein n. m, p and 0 have values such that the molecular weight is within the range indicated in claim i 
and R( and R f are Ci -3-perfluoroalkyl and/or end groups containing functional groups of the type defined in 
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claims 1 and 2. 

5. The process of any one of claims l \o 4 wherein the {per)flLioropoIyether is employed in the form of 
an aqueous microemulsion. 

6. A composition for protecting marble, stones, tiles, cement, gypsum, wood and related materials, 
5 comprising a mixture of 

a) an aqueous dispersion of a tetrafiuoroethyiene hcmopolymer or a fetrafluoroethylene copolyrher 
containing up to t2% by moles of other perfluorinated monomers; and 

b) an aqueous emulsion or microemulsion of a (per)fluaropolyether as defined in any one of claims 1 

to 4. 

!Q 7. The composition of claim 6. wherein the polytetrafluoroethylene polymer is present, calculated as dry 
PTFE. in amounts of from about 2 to 60% by weight, particularly about 5 to about 20% by weight, with 
respect to the total weight of the (per)fiuoropolyethers. 
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© Process for protecting stony materials, marble, tiles and cement from atmospheric agents and 
pollutants. 

@ The present invention relates to a process for 
protecting stony materials, marble, tiles and cement 
as well as articles manufactured from said materials 
from the decay caused by the atmospheric agents 
and pollutants. For that purpose, a mixture compris- 
ing: 

1) polytetrafluoroethylene in the form of an aque- 
ous dispersion, 

2) an emulsion or microemulsion of certain (per)- 
fluoropolyethers 

is applied onto the surface of said materials or 
articles. 
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